6a.  Budget Justification

The Lan detector, electronics, and data acquisition system, coupled with an artificially time-structured intense low-energy surface muon beam will result both in an instrument for a major improvement in the precision on one of the fundamental parameters of particle physics and, with appropriate modest reconfiguration, the facilities for additional research projects.  The budget for this project takes into account substantial matching contributions from the University of Illinois at Urbana-Champaign, Boston University and the Paul Scherrer Institute in Switzerland.  Letters of financial commitment are included in Section I of this proposal.  A cumulative itemized budget for the proposed three-year project is presented on NSF Form 1030, pages 1–2, for the University of Illinois at Urbana-Champaign in accordance with the instructions in NSF 99-168.  A total of $551,980 is requested from NSF for Illinois (Line L, Form 1030).  The total project costs are $789,480, with $175,000 being contributed by the University and $62,500 being contributed by PSI as the mandatory cost share. Separate budget forms are provided for the collaborating group from Boston University.  Other members of the collaboration—PSI, James Madison University (JMU), the University of California, Berkeley, and the University of Minnesota—have not provided separate budget pages, since no NSF funds are being requested for these groups in this proposal.

In this section, we discuss each component of the project budget.  Section numbers used below correspond to the line items used on NSF Form 1030.

A.  Senior Personnel

No funds are requested from NSF for the PI or the Co-PI on this project.

B.  Other Personnel 

Funds of $141,863 are requested for an "Onsite Project Manager" (OPM) at PSI.  It became very clear in our discussions with PSI management that it is essential for a representative of the collaboration be continuously available on-site to map the beamline and to monitor the development, together with PSI engineers, of the kicker system.  He or she would also take charge of all overall systems integration, receiving each component as it is delivered to PSI and making sure that everything fits properly and is integrated electronically.  The OPM would be our local point of contact with PSI officials, facilitating the scheduling of our tests and experiments into the overall laboratory schedule for beamline use and other support.  The OPM will be expected take a lead role in the data acquisition development and will be on-site at all times during all experimental runs to monitor the DAQ.  We envision hiring a postdoctoral research associate for this position, and in addition to accommodating essential local project oversight for the development of the instrument, the position will also provide outstanding training in project management, leadership and communications skills, and cutting-edge physics research for a prospective member of the professoriate.  

C.  Fringe Benefits

Fringe benefits of $31,266 for the OPM are requested.  They were determined at the appropriate University rates as a direct cost, according to the following schedule:

Retirement—9.63%

Health Insurance—9.66%

Life Insurance—1.29%

Medicare—1.45%

Workers Compensation—0.01%

D.  Equipment

In the following paragraphs, we outline the Illinois instrument development responsibilities and provide details of how costs were determined for the hardware portion of this request.  Very broadly, Illinois is responsible for items in Subsystems #1, #2, and #4.  The total estimated cost of these three subsystems, including allowable construction costs, is $559,500.  It is important to note that only $322,000 of the total equipment cost is being requested from NSF.  The remaining $237,500 will be provided as mandatory cost-sharing from non-Federal funds.

The Berkeley, JMU and Minnesota teams collaborating in the development of the instrument will support their work on the project with funds from their existing research grants, as detailed in Section C.

Our responsibility for Subsystem #1, which includes the beamline kicker, targets, magnet and silicon detector, is mainly management and design.  The costing of the main item, the kicker, has been developed in conjunction with PSI engineers who have built a similar device.  Much of the engineering will take place at PSI as part of their institutional contribution to the project.  We will purchase components for the targets, magnet and silicon position detector.  Additional components will be provided directly by the Berkeley team, who will also assemble and test all of these items in their labs.  

An itemized list of components and their costs for Subsystem #1 is presented below:

Silicon detector and electronics
$20,000

Fast beamline kicker
137,500

Targets and magnet assembly
10,000

Subsystem #2, is the Lan detector and represents our major cost. The detector will consist of 360 individual elements (which each contain a shaped scintillator, a lightguide, a photomultiplier tube, base, magnetic shield, cabling, patch panel connections, and a link to the global calibration system) mounted to an overall mechanical assembly.  Illinois will build the detector, with most of the components being locally fabricated.  We will provide all assembly labor from our scintillator workshop at no charge to the MRI.  Our physics team will supply all the testing and calibration prior to shipment to PSI.  There, the entire system will be assembled under the guidance of the OPM and cabled to a local counting house provided by PSI.  The calibration system, which has been designed and costed at JMU, will be assembled by Giovanetti and his team of undergraduates, with no additional labor charges.  An existing JMU grant will support student participation and travel for this project as part of their institutional commitment (see Section I).  

We have developed the budget for the detector subsystem based on our considerable experience in similar large-scale construction projects.  We have obtained quotes for the scintillating tiles, the lightguide plastic, the PMTs, bases, and shields.  The largest single budget item is for a hybrid tube/base/shield combination from the Hamamatsu Corporation, which totals $183k for the 360 units plus 10 spares (370 units total).  A formal quotation for this item is included in Section I.  The time and costs for engineering work has been estimated by S. Williamson, based on past experience with Bartoszek Engineering, the firm that designed the OOPS system for Illinois/Bates and did much of the G0 engineering for Illinois/JLab, as well as many other equipment items for subatomic physics projects.

An itemized list of components and their costs for Subsystem #2 is presented below:

Scintillator tiles
$25,000

Lightguide material
25,000

Precision machining of lightguides
12,000

Photomultiplier tubes
183,000

Signal routing: patch panels and cables
10,000

Mechanical engineering of precision frame
20,000

Support structure and assembly
30,000

Calibration system
26,000

Subsystem #4 includes the online computers.  The development of this plan was carried out by Gray and Kronkvist, and they obtained quotes for all of the major items.  The largest cost is associated with the high-speed, high-density tape drives and the onboard CPUs.  The VME crates and CPUs are needed by all participants for development of software and tests of equipment.  To this end, Berkeley, Boston, Illinois, and Minnesota will contribute (in purchase or in kind) from their existing research grants the additional VME crates and/or CPUs necessary to complete their work.  Contributed items will become part of the permanent μLan DAQ system.  The remaining equipment itemized below is specialized hardware unavailable from the collaborators and necessary to complete the DAQ.

An itemized list of components and their costs for Subsystem #4 is presented below:

VME crates for DAQ and digitizers
$20,000

VME front-end computers
15,000

Event builder and tape drives
26,000

E.  Travel

No travel funds are requested for this project.  Required travel to PSI by the PI and co-PI will be supported by the existing Illinois NPL group grant.

F.  Participant Support Costs

No participant support costs will be incurred by the project; hence, no funds are requested for this line item.

G.  Other Direct Costs

These costs include $5,000 for miscellaneous materials and supplies, and $5,000 for shipping the completed detector to PSI.

I.  Indirect Costs

Indirect costs of $46,851 are requested.  These charges are based on the allowable indirect cost rates negotiated between the University of Illinois and the NSF.  The modest off-campus rate of 24 percent of the modified total direct costs (MTDC) has been used for the OPM’s salary and fringe benefits, and the on-campus rate of 53 percent of the MTDC has been used for the materials/supplies and shipping charges.  

M.  Statutory Cost-Sharing

Mandatory cost-sharing of $237,500 (30.1 percent of the total project cost of $789,480) is provided.  Letters of financial commitment from the University of Illinois ($175,000) and PSI (approximately $62,500) are included in Section I of this proposal.

Funds requested in this proposal will be highly leveraged by the existing Illinois research infrastructure.  We have adequate laboratory space, high-quality digital oscilloscopes, a N2 laser system and a large assortment of NIM and CAMAC electronics modules—all available for testing and development work.  Additional electronics will be available to us at PSI.  We have steadily built up an analysis farm of PCs and disks for the (g-2) effort, which will naturally evolve into a support platform for the Lan simulations and data analysis.  In addition, we plan to employ many items used in prior detectors and experiments.  Chief among these is a Lecroy high-voltage (HV) system capable of monitoring and controlling more than 400 individual channels.  Additionally, we have a substantial amount of raw signal and HV cabling that can be used for part of our signal routing. 
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